N A L 



Endothelial Progenitor Cells Are Related 
to Glycemic Control in Children With Type 
1 Diabetes Over Time 



Thomas Hortenhuber, md 
Birgit Rami-Mehar, md 1 
Miriam Satler, ms 2 
Katrin Nagl, md 1 ' 2 
Clemens Hobaus, md 2 



2,3 



Florian Hollerl, md 
Renate Koppensteiner, md z 
guntram schernthaner, md 3 
Edith Schober, md 1 
Gerit-Holger Schernthaner, md 



OBJECTIVE — The risk of cardiovascular death before the age of 40 is 20-fold higher in 
patients with type 1 diabetes mellitus (T1DM). Endothelial progenitor cells (EPCs) predict 
cardiovascular morbidity and mortality in patients without diabetes. We hypothesized that EPCs 
are modified in children with T1DM and are related to characteristics of T1DM such as glycemic 
control. 

RESEARCH DESIGN AND METHODS— Children (n = 190; 156 T1DM subjects and 
34 control subjects) were included in an observational cohort study and matched for age 
and sex. EPCs were enumerated by flow cytometry at the beginning (cross-sectional) and 1 year 
later (longitudinal). To analyze changes of variables during the observation, A values were 
calculated. 

RESULTS — EPCs were significantly reduced in T1DM children versus control subjects (609 ± 
359 vs. 1,165 ± 484, P < 0.001). Multivariate regression modeling revealed that glycated 
hemoglobin A lc (HbA lc ) was the strongest independent predictor of EPCs ((3 = —0.355, P < 
0.001). Overall glycemic control at the beginning and end of study did not differ (7.8 ±1.2 vs. 
7.8 ± 1.2 relative %, P = NS), but we observed individual HbA lc changes of -4.30/+3.10 
relative %. The strongest EPC increase was observed in the patients with the most favorable 
HbA lc lowering during the 1-year follow-up. Accordingly, the strongest EPC decrease was dem- 
onstrated in the patients with the strongest HbA lc worsening during the time period. 

CONCLUSIONS — This is the first prospective study demonstrating diminished EPCs in 
children with T1DM. The association of better glycemic control with an increase in EPC numbers 
within 1 year suggests that a reduction of the high cardiovascular disease burden might be 
mediated likewise. 



Over the last 30 years, a marked 
improvement in diabetic nephrop- 
athy, retinopathy, and neuropathy 
was observed in patients with type 1 
diabetes mellitus (T1DM) (1-3). How- 
ever, no difference for the incidence of 
cardiovascular disease (CVD) was ob- 
served in those patients (1-3). Thus, 
one can assume that late improvements 
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in diabetes care do not reduce cardiovas- 
cular risk (1-3). 

Even more, despite dramatic improve- 
ment in CVD therapy, such as interven- 
tional therapy, statins, and clopidogrel, 
CVD mortality did not improve in T1DM 
over the last 10 years (1-3). In fact, the 
mortality of CVD before 40 years of age 
is 20-fold higher in patients with T1DM 



compared with age- and sex-adjusted 
healthy subjects. Between 30-40 years of 
age, CVD is already the first cause of death 
in those patients (4,5). 

The main contributor to the increased 
cardiovascular risk might be unsatisfac- 
tory glycemic control, which emerges 
from the very beginning of T1DM (child- 
hood) (6-8). Other mechanisms specu- 
lated to be associated or involved 
independently might be endothelial dys- 
function (9) and/or systemic vascular in- 
flammation (10). 

Recent analysis of the Diabetes Con- 
trol and Complications Trial (DCCT)/ 
Epidemiology of Diabetes Interventions 
and Complications (EDIC) trial strength- 
ened the suspicion that endothelial dys- 
function and vascular inflammation 
might be involved in the increased sus- 
ceptibility to vascular disease (11,12) in 
T1DM. However, the exact mechanisms 
linking those pathophysiological findings 
to manifest clinical disease are not under- 
stood. 

A possible link might be vascular 
progenitor cells, which are involved in 
vascular hemostasis and counteract the 
aberrances of vascular inflammation. 
Werner and Nickenig (13) argued that 
endothelial progenitor cells (EPCs) are 
the common feature of atherosclerosis, 
from its beginning as endothelial dysfunc- 
tion to its result as end-stage ischemic 
heart disease. EPCs measured by colony- 
forming assays were demonstrated to cor- 
relate with the Framingham Risk Score 
and endothelial function (14), and fur- 
thermore, when measured by flow cytom- 
etry, EPCs were found to be associated 
with cardiovascular outcome (15). 

In accordance with the theory of 
endothelial continuum of EPCs (13), 
EPCs were demonstrated to be reduced 
in adults with T1DM in a pilot study 
(16). We have added that EPCs are di- 
rectly related to stages of retinopathy in 
adults with T1DM (17) and also T2DM 
(18). Recently, three very interesting 
cross-sectional pilot-like studies have 
been reported. First, Sibal et al. (19) 
showed an association of EPCs and prema- 
ture atherosclerosis in young adults with 
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T1DM by investigating flow-mediated di- 
latation in those patients. However, they 
did not obtain a significant difference for 
CD347CD309 + cells between T1DM and 
control subjects. Second, DiMeglio et al. 

(20) demonstrated a reduction of EPCs 
already in young adults (mean age 
20.3 ± 1.4 years) with T1DM compared 
with those without. Third, Palombo et al. 

(21) confirmed a reduction of EPCs in 16 
young adults with T1DM and added an 
association of EPCs and intima media 
thickness. All three studies failed to iden- 
tify any association of EPCs with charac- 
teristics of T1DM, such as glycemic 
control or total insulin dosage. 

It is tempting to speculate that di- 
minished EPCs could be one of the 
pathophysiological mechanisms linking 
the elevated CVD risk to young patients 
with T1DM. We assumed that elevated 
inflammation and/or impaired glucose con- 
trol might be associated cross-sectionally 
and longitudinally with diminished levels 
of EPCs, thereby leading to the increased 
risk for CVD at such a young age. 

RESEARCH DESIGN AND 
METHODS — This study was approved 
by the institutional ethics committee and 
complies with the Declaration of Helsinki 

(22) , including current revisions and the 
Good Clinical Practice Guidelines (23,24). 
The procedures followed were in accor- 
dance with institutional guidelines, and 
all subjects, respectively their parents, 
gave written informed consent before the 
study. Patients and control subjects were 
enlisted at the outpatients' Department of 
Pediatrics and Adolescent Medicine at the 
Medical University of Vienna and Vienna 
General Hospital. Children and adoles- 
cents between 8 and 16 years of age who 
were seen for their yearly check-up of 
T1DM at the outpatients' care department 
of the Department of Pediatrics and 
Adolescent Medicine were eligible for the 
study. By protocol, T1DM patients would 
have to be excluded from the study if they 
had proliferative diabetic retinopathy or 
serum creatinine >2.0 mg/dL at the time 
of inclusion. However, we did not identify 
any patients with the latter two complica- 
tions of T1DM. Age- and sex-matched 
control subjects were recruited at the 
same institution. Controls were not eligi- 
ble if they had endocrine disorders requir- 
ing hormone therapy or cancer. 

Comorbidities 

Comorbidities among the 156 patients 
with T1DM included seven cases of 



autoimmune thyroiditis, one case of Ha- 
shimoto thyroiditis, one case of myasthe- 
nia gravis and Hashimoto thyroiditis, two 
cases of allergies, one case of allergic 
asthma, four cases of celiac disease, one 
case of celiac disease and Hashimoto thy- 
roiditis, and three cases of atopic dermatitis. 

Familial history of diabetes 

Of the control subjects, neither the father 
nor the mother had a history of T1DM. 
One mother of the control subjects had 
gestational diabetes and two fathers of the 
control subjects suffered from T2DM. Of 
the patients with T1DM, three mothers 
had T1DM, six fathers had T1DM, six 
mothers had gestational diabetes, three 
mothers had T2DM, and two fathers had 
T2DM. 

Cross-sectional study 

Patients with Tl DM (n = 156) and control 
subjects (n = 34) were studied in a cross- 
sectional approach. Clinical characteris- 
tics of the 190 study participants are 
shown in Table 1. Patients and control 
subjects were well matched and did not 



differ in age (14 ± 3 years), sex (49% fe- 
male), and BMI (21 ± 4 kg/m 2 ). The 
mean diabetes duration was 5.6 ± 3.6 
years, and the age at diagnosis of diabetes 
was 8.2 ± 3.8 years. 

Longitudinal study 

Of the 156 patients with T1DM, 97 
patients attended a predefined follow-up 
visit ~ 1 year later. Thus, the mean obser- 
vation time was 11.5 ± 1.1 months. Of 
those 97 patients, the mean diabetes du- 
ration at the time of inclusion was 5.3 ± 
3.6 years, and the age at diagnosis of di- 
abetes was 8.0 ± 3.8 years (Supplemen- 
tary Table 1). 

Insulin treatment 

All patients with T1DM were treated with 
insulin. Three patients with T1DM were 
additionally treated with metformin; 
other antidiabetic drugs were not used. 
Glycated hemoglobin A lc (HbA lc ) did not 
change during the 1-year follow-up in the 
97 patients available (start: 7.8 ± 1.2 vs. 
end: 7.8 ± 1.2, P = 0.660) (Supplemen- 
tary Table 1). 



Table 1 — Basic characteristics of the cross-sectional study 





Control 


T1DM 


P value 


n 


34 


156 


NA 


Female (%) 


49 




49 


NS 


Age (years) 


14 ± 3 


14 




3 


NS 


Diabetes duration (years) 


NA 


5.6 


+ 


3.6 




Age at diagnosis of diabetes (years) 


NA 


8.2 


+ 


3.8 


NA 


HbA lc (relative %) 


NA 


8.2 




1.6 


NA 


Systolic blood pressure (mmHg) 


101 ± 8 


115 




15 


<0.001 


Diastolic blood pressure (mmHg) 


61 ± 7 


63 




9 


0.322 


Pulse (bpm) 


80 ± 11 


88 




16 


0.001 


Height (cm) 


160 ± 16 


161 




14 


0.832 


Weight (kg) 


56 ± 19 


57 


+ 


17 


0.735 




BMI SDS 


0.48 ± 1.19 


0.77 




0.88 


0.435 


Total cholesterol (mmol/L) 


4.6 ± 0.5 


4.6 


+ 


0,9 


0.920 


Triglyceride (mmol/L) 


1.1 ± 0.7 


1.3 




1.1 


0.366 


LDL cholesterol (mmol/L) 


2.1 ± 0.4 


2.3 




0.7 


0.042 


VLDL cholesterol (mmol/L) 


0.5 ± 0.2 


0.5 




0.3 


0.292 


Fasting glucose (mmol/L) 


5.0 ± 0.4 


8.5 




4.6 


<0.001 


Creatinine (mg/dL) 


0.67 ± 0.17 


0.71 


+ 


0.13 


0.088 


eGFR (mL/min/1.73 m 2 ) 


155 ± 45 


136 




21 


0.023 


7-Glutamyl transferase (units/L) 


14 ± 2 


17 




7 


0.159 


Aspartate aminotransferase (units/L) 


30 ± 9 


25 




10 


0.158 


Alanine aminotransferase (units/L) 


32 ± 10 


31 




8 


0.816 


CRP (fxg/dL) 


119 ± 5 


349 




46 


<0.001 



Data are given as n, %, or mean ± SD. eGFR, estimated glomerular nitration rate; NA, not applicable; NS, not 
significant. eGFR was calculated using the Schwartz formula. An a level of P < 0.05 (two-tailed) is considered 
statistically significant; boldface P values represent a significant difference, as assessed by unpaired Student 
t test. 
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At the beginning of the longitudinal 
study, 19 patients were on conventional 
insulin therapy (CT), 57 were on intensi- 
fied insulin therapy (IT), and 21 were on 
continuous subcutaneous insulin (CSII) 
therapy. At the end of the study, 7 
patients were on CT, 62 were on IT, and 
28 were on CSII therapy. The HbA lc in 
the individual treatment groups at the 
start and end of the study were not signif- 
icantly different (as assessed by AN OVA): 

7.6 ± 1.1 vs. 8.3 ± 1.6 vs. 7.6 ± 1.0 (CT 
vs. IT vs. CSII), P = 0.075 at the start; 

7.7 ± 1.2 vs. 7.9 ± 1.2 vs. 7.8 ± 1.1 
(CT vs. IT vs. CSII), P = 0.883 at the end. 
To compare insulin dosage in T1DM, mean 
daily insulin dosage per kilogram body 
weight and day was calculated. 

Calculations 

The Schwartz formula was applied to 
compare renal function in children and 
adolescents (25). For comparison of 
weight changes over time, in addition to 
the classical BMI calculations, SD scores 
(SDS) based on a German investigation 
(26) were calculated. An obtained SDS 
of 1.282 resembles the 75th percentile, 
0.674 the 50th percentile, and 0 the 
25th percentile. 

Measurement of standard laboratory 
parameters 

Venous blood (35 mL) was taken after an 
overnight fast for the measurement of 
biochemical and inflammatory factors. 
Blood glucose, cholesterol, HDL choles- 
terol, and triglycerides were measured by 
enzymatic in vitro tests (Roche Diagnostics 
GmbH, Graz, Austria). The intra-assay and 
interassay coefficients of variation were 
1.1 and 2.9%, 0.8 and 1.7%, 1.3 and 
2.6%, and 1.5 and 1.8%, respectively. 
HbA lc was measured by DCA 2000 (Bayer 
Corporation, Elkhart, IN). C-reactive pro- 
tein (CRP) was measured with a nephelo- 
metric assay in serum (Dade Behring, 
Marburg, Germany). The intra-assay and 
interassay variability coefficients for CRP 
were 4.7 and 8.3%. 

EPC enumeration 

As Fadini et al. (27) stated in their review 
"any definitions of the antigenic pheno- 
type of EPC overlaps with cells of other 
lineages," several different antigen combi- 
nations have been applied to facilitate 
EPC enumerations. Nevertheless, several 
antigen combinations have been ac- 
knowledged to identify vascular progeni- 
tor cells (28-30). To discriminate from 
true EPCs, bone marrow-derived 



angiopoietic progenitor cells are circulat- 
ing endothelial cells, which are shed from 
damaged vessel walls (31). For the inves- 
tigation of different subsets of vascular 
progenitor cells, several cell types were 
defined according to their antigen expres- 
sion. Cells in peripheral blood with he- 
mangioblastic potential were named 
circulating progenitor cells (CPCs) and 
were defined as double positive for 
CD34 and CD133 (17,18,28,30), and 
classic EPCs were defined as triple posi- 
tive for CD34, CD133, and CD309 
(17,18,32). 

Enumeration was performed accord- 
ing to our previous EPC studies (17,18). 
A detailed protocol can be found in the 
Supplementary Data. 

Statistics 

The data are presented as mean ± SD or 
percentages. The differences between pa- 
tient groups were analyzed by unpaired 
Student t test, paired Student t test, 
AN OVA, x 2 test, or correlation as appro- 
priate. The data were tested for associa- 
tion within each other by univariate and 
multivariate regression analyses. To in- 
vestigate associations of changing vari- 
ables over time, A values were calculated: 
value at start - value at end . An a level of P < 
0.05 (two-tailed) was considered signifi- 
cant. All statistical analyses were performed 
with the statistical software package SPSS 
18.0 (SPSS Inc., Chicago, IL). 

RESULTS 

Basic characteristics 

Baseline characteristics are depicted in 
Table 1 (cross-sectional study) and Sup- 
plementary Table 1 (longitudinal study). 
Patients and control subjects differed sig- 
nificantly: systolic blood pressure (115 ± 
15 vs. 101 ± 8 mmHg, P < 0.001), pulse 
(88 ± 16 vs. 80 ± 11 bpm, P = 0.001), 
fasting glucose (8.5 ± 4.6 vs. 5 ± 0.4 
mmol/L, P < 0.001), and CRP (349 ± 
46 vs. 120 ± 5 |xg/dL,P< 0.001). During 
the follow-up period, patients with T1DM 
showed a significant increase in height 
(163 ± 13 vs. 159 ± 14 cm, P < 
0.001), weight (59 ± 15 vs. 55 ± 15 
kg, P < 0.001), BMI (22 ± 3 vs. 21 ± 3 
kg/m 2 , P < 0.001), VLDL cholesterol 
(0.5 ± 0.3 vs. 0.6 ± 0.4 mmol/L, P = 
0.001), and creatinine (0.70 ± 0.13 vs. 
0.74 ± 0.17 mg/dL, P = 0.004). In con- 
trast, total cholesterol showed a signifi- 
cant reduction (4.5 ± 0.8 vs. 4.3 ± 0.8 
mmol/L, P = 0.014), as did LDL choles- 
terol (2.3 ± 0.6 vs. 1.9 ± 0.7 mmol/L, 



P < 0.001) and 7-glutamyl transferase 
(16 ± 4 vs. 14 ± 4 units/L, P < 0.001). 

Levels of CPCs and EPCs in patients 
with T1DM and control subjects 

Total CPCs were not different in patients 
with T1DM and control subjects: 3,473 ± 
1,073 vs. 3,532 ± 673/1 X 10 6 white 
blood cells (WBCs), P = 0.761 (Fig. 1). 
In contrast, progenitor cells restricted to 
the endothelial lineage (EPCs) were sig- 
nificantly different in T1DM versus con- 
trol subjects: 609 ± 359 vs. 1,165 ± 484/ 
1 X 10 6 WBCs, P < 0.001 (Fig. 1). Since 
we assumed that glucose control and/or 
inflammation might be associated with 
levels of CPCs and EPCs, we first tested 
HbA lc as an estimation of glucose control 
in patients with T1DM at the time of in- 
clusion. In the 156 patients, the glycemic 
control estimated by HbA lc correlated 
with the levels of EPCs (R = -0.355, 
P < 0.001) but not with CPCs (R = 
-0.068, P = 0.412) (Supplementary Fig. 1). 

Univariate and multivariate 
determinants of CRP at time of 
inclusion 

Since only EPCs, but not CPCs, were 
correlated with HbA lc , we next asked 
whether CRP might explain both varia- 
bles. Interestingly, neither CPCs (p = 
0.025, P = 0.735) nor EPCs (0 = 
-0.061, P = 0.408) were associated 
with CRP in a univariate fashion. Since 
CRP was significantly different between 
patients and control subjects (P < 
0.001), we investigated which parameters 
were associated with the levels of CRP in 
patients and control subjects. Among all 
variables tested for an association with 
CRP levels, we found that age ((3 = 
0.231, P = 0.002), systolic blood pressure 
O = 0.260, P < 0.001), diastolic blood 
pressure (p = 0. 159, P = 0.036), BMI (p = 
0.303, P < 0.001), total cholesterol (0 = 
0.167, P = 0.023), triglycerides (0 = 0.242, 
P = 0.001), HDL cholesterol (0 = -0.158, 
P = 0.033), alanine aminotransferase (0 = 
0.188, P = 0.018), and HbA lc (0 = 0.192, 
P = 0.022) were associated with CRP in a 
univariate fashion. Multivariate modeling 
revealed BMI (0 = 0.264, P < 0.001) and 
triglycerides (0 = 0.188, P = 0.009) as final 
explaining variables. 

Univariate and multivariate 
determinants of EPCs at time of 
inclusion 

Since CRPs and EPCs were not associated 
with each other, we investigated which 
variables were correlated with EPCs in 
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Figure 1 — CPCs and EPCs in patients with T1DM. CO, control subjects. An a level of? < 0.05 
(two-tailed) is considered statistically significant. 



T1DM patients. We used all quantitative 
variables that were different between pa- 
tients and control subjects and associated 
with EPCs in a univariate fashion (systolic 
blood pressure, fasting glucose, and 
HbA lc ). After multiple backward regres- 
sion analysis, only HbA lc remained sig- 
nificantly associated with EPCs (p = 
-0.355, P < 0.001) (Supplementary 
Table 2). Thus, of our initial hypothesis 
of an association of glucose control and/or 
inflammation with CPCs/EPCs, there re- 
mained only the association of HbA lc 
with EPC levels from the cross-sectional 
study. 

EPCs during 1 year of follow-up 

Overall, EPCs were not different (P = 
0.513) at time of inclusion (607 ± 368 
per 1 X 10 6 WBCs) and 1 year later 
(637 ± 282 per 1 X 10 6 WBCs) (Supple- 
mentary Fig. 2). The baseline character- 
istics of patients with T1DM at inclusion 
and 1 year later are depicted in Supple- 
mentary Table 1 . In association with the 
1-year ageing, weight and BMI increased 
as expected. Apart from these ageing- 
related parameters, the patients also dif- 
fered in total cholesterol, LDL cholesterol, 
VLDL cholesterol, creatinine, and 
7-glutamyl transferase. To investigate 
the associations of changing variables 
over time, A values were calculated: 
value at start — value at en d- However, neither 
A of the latter variables was significantly 
associated with AEPCs in a univariate fash- 
ion. During the study period of 1 year, the 
patients did not change in HbA lc overall 
(7.8 ± 1.2 vs. 7.8 ± 1.2 relative %, 



P = 0.660). Total insulin dosage significantly 
increased from 0.78 ± 0.27 to 0.85 ± 
0.24 IE/kg body weight/day, P = 0.006. 
However, changes of CPCs (R = —0.81, 
P = 0.430) and EPCs (R = 0.022, P = 
0.830) were not associated with changes 
of total insulin dosage. In addition, neither 
at the time of inclusion nor 1 year later 
were CPCs and EPCs associated with total 
insulin dosage (at inclusion: CPCs, R = 
-0.064, P = 0.434, and EPCs, R = 
-0.079, P = 0.338; 1 year later: CPCs, 
R = 0.138, P = 0.179, and EPCs, R = 
0.111, P = 0.279). 

Association of EPCs with HbA lc 
during the observation 

In the next step, we investigated the 
association of EPCs and HbA lc over 
time. First, we studied the correlation of 
all EPC values we had available to all 
HbA lc values. Since mean HbA lc values 
were identical at baseline and 1 year of 
follow-up investigation, all EPC and 
HbA lc values were analyzed together for 
analysis for a potential relationship. Fig- 
ure 2 shows the significant association of 
EPCs to HbA lc , including HbA lc and EPC 
values at the beginning and follow-up (R = 
-0.363, P< 0.001). 

In order to test our results of an 
association of EPCs and HbA lc in patients 
and control subjects (n = 190), as well as 
at the beginning and end of the study in 
the patients (n = 2 X 97), we investigated 
the association of AEPCs with all A vari- 
ables. Only AHbA lc was significantly as- 
sociated with AEPCs in a univariate 
fashion (0 = -0.319, P = 0.003). 



Since the EPC and HbA lc values were 
again tightly associated, we wondered 
whether changes in HbA lc were not only 
overall but also individually associated 
with EPCs. In the patients with T1DM, 
we observed dramatic changes in HbA lc 
during the study period (1 year) although 
the overall HbA lc did not change (Supple- 
mentary Table 1). The changes in HbA lc 
ranged from an increase of 4.3 (maxi- 
mum) to a decrease of 3.1 (maximum). 

In Figure 3, the associations of AEPCs 
with AHbA lc are depicted. The changes in 
patient HbA lc were divided into four 
groups: 1) an increase in HbA lc >1; 2) 
an increase in HbA lc between 0 and 1; 
3) a decrease in HbA lc between 0 and 

— 1 ; 4) a decrease in HbA lc greater than 

— 1. In Figure 3, the high increases in 
HbA lc were associated with strong de- 
pressions of EPCs and vice versa. Individ- 
ual changes of HbA lc and EPC count are 
presented in Supplementary Fig. 3. 

CONCLUSIONS— This is the first 
prospective study showing 1) that EPCs 
are already reduced in children and ado- 
lescents with T1DM and 2) an association 
of changes in glycemic control and EPCs 
after 1 year of follow-up. EPCs were sig- 
nificantly reduced in children and adoles- 
cents with T1DM in comparison with 
control subjects. EPCs were found to be 
associated with glucose control but not 
with systemic inflammation estimated 
by CRP. 

However, CRP was significantly ele- 
vated in patients with T1DM versus 
control subjects. This elevation was 
found to be associated with BMI and 
triglycerides. This result was rather sur- 
prising because patients and control sub- 
jects were virtually identical for weight and 
BMI (Table 1). 

Nevertheless, an association of inflam- 
mation (CRP) (34), obesity/overweight 
(35), and lipids (36) with EPCs has already 
been demonstrated by others (in adults). 
We might have missed an association of 
CRP with EPCs due to our small control. 
On the other hand, the body at this very 
young age might be more able to counter- 
act inflammation. Thus, the increase in 
CRP in our patients might not have a del- 
eterious effect on EPCs, as demonstrated 
by Verma et al. (34). 

In addition, CRP and EPC levels were 
not influenced in patients or control 
subjects by comedication, since none of 
our study subjects were treated with 
statins (37) or angiotensin II receptor 
blockers (38). 
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Figure 2 — Association of all EPC data with all HbA lc data. An a level of? < 0.05 (two-tailed) is 
considered statistically significant. Middle line is line of fit. The two additional lines are 95% CIs. 



Some of our results could be related 
to overall glycemic control. However, for 
our understanding, the patients in our 
study were adequately treated, although 
our study was not powered for glucose 
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control. In comparison with the recently 
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1.4% in adolescents (12-18 years of 
age), by using CSII therapy, our patients 
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Figure 3 — Association ofAEPCs with AHbA lc . An a level of? < 0.05 (two-tailed) is considered 
statistically significant. Middle line is line of fit. The two additional lines are 95% CIs. 



showed a mean HbA lc of 7.8 ± 1.2% 
throughout the study, and only 21.6% 
(study start)/28.9% (study end) were 
treated with CSII therapy. 

We did not expect a 46% reduction 
(95% CI -31 to -62%) of EPCs in the 
T1DM patients in comparison with control 
subjects. We assumed a 20% difference be- 
tween patients and control subjects, believ- 
ing that in the young age, the overall positive 
effects of youth might minimize the burden 
of endothelium dysfunction (8,9) and pre- 
mature atherosclerosis (6), which has been 
demonstrated in young adults. 

The DCCT/EDIC study has demon- 
strated that previous intensive treatment 
and lower HbA lc during the DCCT con- 
tinue to have beneficial effects during the 
EDIC on retinopathy and nephropathy 
for ~7 years (7,40). This benefit persis- 
ted, although the large differences in 
HbA lc between the two originally ran- 
domized groups vanished later (7). Al- 
though the DCCT/EDIC study could not 
yet demonstrate a reduction in cardiovascu- 
lar/macrovascular events later, it is generally 
assumed that the "metabolic memory" 
might also benefit atherosclerosis. 

There is evidence that improved met- 
abolic control in patients with diabetes 
improves EPC number and function (41- 
43) in adults. In one study (42), insulin 
treatment for 4 weeks increased EPCs by 
65.6 ± 62.7% (P = 0.007). 

In mature human endothelial cells, 
numerous studies have shown that high 
glucose exerts deleterious effects on the 
function of those cells and that glucose 
toxicity can be counteracted by insulin 
cosupplementation, independent of glu- 
cose lowering (43). For EPCs, the possible 
good and bad of glucose and insulin are 
less investigated. Marchetti et al. (44) 
have shown that high glucose affects the 
intracellular signaling of EPCs, resulting 
in reduced differentiation and tube for- 
mation. In their cell culture experiments, 
glucose lowering by insulin as well as 
interaction in the phosphatidylinositol 
3-kinase signaling pathway by benfotia- 
mine resulted in the restoration of EPC 
differentiation. 

Since our study has only 1 year of 
follow-up, we cannot answer whether a 
reduction in EPCs predicts or is related to 
future cardiovascular events in T1DM 
patients. However, EPCs have been dem- 
onstrated to be tightly associated with 
CVD (15,45-47). Likewise, in a prospec- 
tive follow-up study of 519 patients with 
coronary heart disease (including 147 pa- 
tients with diabetes), EPCs predicted the 
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occurrence of cardiovascular events and 
death from cardiovascular causes over 
12 months (15). 

A limitation of our study is that we 
did not perform culture experiments 
for CPCs and EPCs. However, both the 
colony-forming unit assay for EPCs (14) 
as well as the culture from peripheral 
mononuclear cells of EPCs (27) would re- 
quire an additional substantial amount of 
blood taken (at least 40 mL), which is not 
possible for children and adolescents due 
to ethical concerns. Human clinical car- 
diovascular outcome data are primarily 
based on flow cytometry; likewise the 
largest study, by sample size, demonstrated 
a clear impact of EPCs on the reoccurrence 
of cardiovascular events (15). 

In addition, we may have found 
different cell numbers compared with 
other groups due to the different antibody 
conjugations we used. We followed the 
International Society of Hematotherapy 
and Graft Engineering guidelines (33) 
and used anti-CD34 in a strong (reddish) 
color in contrast to others that used a 
"weaker" anti-CD34 monoclonal anti- 
body in fluorescein isothiocyanate. 

We have recently been able to dem- 
onstrate that aberrations of microvascular 
autoregulation already exist in children 
and adolescents with T1DM (48) after a 
rather short duration of diabetes. Thus, 
macro- and microvascular complications 
might already have their onset in the early 
"diabetes career." Therefore, the resolution 
of diabetes as best as possible might be the 
most necessary strategy for preventing in- 
dividual suffering. Likewise, Petrelli et al. 
(49) have demonstrated an enhancement 
of EPCs after pancreatic islet transplanta- 
tions in patients with T1DM. 

Since the recently published observa- 
tion by Juutilainen et al. (50) demon- 
strated that T1DM patients appear to 
have a similar risk of total and cardiovas- 
cular mortality in insufficiently controlled 
hyperglycemia as patients with T2DM, in- 
tensive glucose control in young patients 
with T1DM seems mandatory for pre- 
venting micro- and macrovascular dis- 
ease. Maybe additional treatment with 
statins and angiotensin II blockers should 
be investigated in the future. 

Since low numbers of EPCs are im- 
portant predictors of future cardiovascu- 
lar morbidity and mortality in healthy and 
T2DM high-risk patients, our observation 
of a reduction of EPCs already in youth 
could be relevant for understanding the 
future high cardiovascular risk of T1DM 
children, adolescents, and young adults. 



The association of EPCs with HbA lc 
that we observed was significant; how- 
ever, an R 2 of 0.10 suggests that HbA lc 
and EPCs explain each other's coefficient 
of variation for —10%. Nevertheless, the 
association of HbA lc with EPCs was con- 
sistent from the analyses of patients and 
control subjects together over patients at 
both time points to the A association of 
patients and withstood multivariate re- 
gression in all analyses. Thus, the ob- 
served significant increase of EPCs in 
our small group of T1DM children with 
improved diabetic control within 1 year 
suggests that the optimization of glycemic 
control could be relevant in reducing the 
high CVD burden in these patients. 
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